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1

AUGMENTED REALITY SURGICAL
TECHNIQUE GUIDANCE

CLAIM OF PRIORITY

This application claims the benefit of prionty to U.S.

Provisional Applications Nos. 62/395,591, filed Sep. 16,
2016, titled “Implant Inventory Management Using Aug-
mented Reality”; and 62/470,690, filed Mar. 13, 2017, titled
“Augmented Reality Surgical Techmque Guidance™, each of
which 1s hereby incorporated herein by reference 1n 1its
entirety.

BACKGROUND

Orthopedic surgical technique instructions today are typi-
cally printed onto a booklet or are available 1n a computer
file where the surgical steps are described with pictures,
images or sketches that illustrate the surgical steps through-
out a given procedure. Oftentimes 1t 1s hard for surgical
assistants or physicians assistants to identily a proper instru-
ment to be used during various parts of the surgical proce-
dure. The assistants must then search through instrument
trays causing the procedure to be inetlicient.

It 1s common for mstruments to need to be assembled and
the assembly instructions are likely to not be available
during a surgery. These instructions are sometimes commu-
nicated by a sales representative by describing what needs to
be done, which may occur months before a given surgery.
Other times, sales representatives may be on hand and may
need to use a laser pointer to 1dentity an instrument. How-
ever, laser pointers are not allowed or desirable 1 the
surgical field of the operation.

Surgical advancements have allowed surgeons to use
preoperative planning, display devices within a surgical
field, optical imaging, and guides to improve surgical out-
comes and customize surgery for a patient. While these
advances have allowed for quicker and more successiul
surgeries, they ultimately rely on physical objects, which
have costs and time requirements for manufacturing and
configuration. Physical objects and devices may also
obstruct portions of a surgical field, detracting from their
benefits.

BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings, which are not necessarily drawn to scale,
like numerals may describe similar components in different
views. Like numerals having different letter suflixes may
represent different instances of similar components. The
drawings illustrate generally, by way of example, but not by
way ol limitation, various embodiments discussed in the
present document.

FIG. 1 illustrates surgical field in accordance with some
embodiments.

FIG. 2A 1llustrates an augmented reality (AR) display
showing an 1instrument box in accordance with some
embodiments.

FIG. 2B illustrates an AR instrument i1dentification dis-
play in accordance with some embodiments.

FIG. 3 1illustrates an example augmented reality display
for a surgeon 1n accordance with some embodiments.

FIGS. 4A-4C illustrate augmented reality surgical instru-
ment assembly displays in accordance with some embodi-
ments.
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FIG. 5 illustrates a flow chart showing a technique for
surgical instrument 1dentification using an augmented reality
display in accordance with some embodiments.

FIG. 6 illustrates a system for surgical mstrument iden-
tification using an augmented reality display in accordance
with some embodiments.

FIG. 7 illustrates generally an example of a block diagram
ol a machine upon which any one or more of the techniques
discussed herein may perform in accordance with some
embodiments.

FIG. 8 illustrates a virtual representation of a force to be
applied during a surgical procedure 1n accordance with some
embodiments.

FIG. 9 1llustrates virtual representations for use 1n nstru-
ment placement 1n accordance with some embodiments.

FIG. 10 1illustrates instrument alignment using a virtual
alignment guide (e.g., a “ghost”) 1 accordance with some
embodiments.

FIGS. 11 A-11B 1illustrate clinical augmented reality dis-
plays 1n accordance with some embodiments.

FIG. 12 1illustrates a flow chart showing a technique for
presenting virtual aspects of a surgical procedure 1n accor-
dance with some embodiments.

DETAILED DESCRIPTION

Systems and methods for using an augmented reality
device during a surgical procedure are described herein. The
systems and methods herein describe uses for the augmented
reality device, such as to display virtual components or
representations of real objects overlaid on a real environ-
ment. An augmented reality (AR) device allows a user to
view displayed virtual objects that appear to be projected
into the real environment, which 1s also visible. AR devices
typically include two display lenses or screens, including
one for each eye of a user. Light 1s permitted to pass through
the two display lenses such that aspects of the real environ-
ment are visible while also projecting light to make virtual
clements visible to the user of the AR device.

Two or more AR devices may be used 1n a coordinated
manner, for example with a first AR device controlling one
or more additional AR devices, or 1n a system with defined
roles. For example, when activating an AR device, a user
may select a role (e.g., surgeon, surgical assistant, nurse,
etc., during a surgical procedure) and the AR device may
display information relevant to that role. For example, a
surgical assistant may have a virtual representation of an
instrument displayed that the surgeon needs to perform a
step of a surgical procedure.

FIG. 1 1llustrates surgical field 100 in accordance with
some embodiments. The surgical field 100 1s illustrated 1n
FIG. 1 including a surgeon 102, a patient 108, and may
include a camera 112. The surgeon 102 1s wearing an
augmented reality (AR) device 104 which may be used to
display a virtual object 110 to the surgeon 102. The virtual
object 110 may not be visible to others within the surgical
field 100 (e.g., surgical assistant 114 or nurse 120), though
they may wear AR devices 116 and 122 respectively. Even
iI another person 1s viewing the surgical field 100 with an
AR device, the person may not be able to see the virtual
object 110 or may be able to see the virtual object 110 1n a
shared augmented reality with the surgeon 102, or may be
able to see a modified version of the virtual object 110 (e.g.,
according to customizations unique to the surgeon 102 or the
person) or may see diflerent virtual objects entirely. Aug-
mented reality 1s explained 1in more detail below.
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Augmented reality 1s a technology for displaying virtual
or “augmented” objects or visual eflects overlaid on a real
environment. The real environment may include a room or
specific area (e.g., the surgical field 100), or may be more
general to include the world at large. The virtual aspects
overlaid on the real environment may be represented as
anchored or 1n a set position relative to one or more aspects
of the real environment. For example, the virtual object 110
may be configured to appear to be resting on a table. An AR
system may present virtual aspects that are fixed to a real
object without regard to a perspective of a viewer or viewers
of the AR system (e.g., the surgeon 102). For example, the
virtual object 110 may exist 1n a room, visible to a viewer of
the AR system within the room and not visible to a viewer
of the AR system outside the room. The virtual object 110 1n
the room may be displayed to the viewer outside the room
when the viewer enters the room. In this example, the room
may act as a real object that the virtual object 110 1s fixed to
in the AR system.

The AR device 104 may include one or more screens,
such as a single screen or two screens (e.g., one per eye of
a user). The screens may allow light to pass through the
screens such that aspects of the real environment are visible
while displaying the virtual object 110. The virtual object
110 may be made visible to the surgeon 102 by projecting
light. The virtual object 110 may appear to have a degree of
transparency or may be opaque (1.e., blocking aspects of the
real environment).

An AR system may be viewable to one or more viewers,
and may include diflerences among views available for the
one or more viewers while retaining some aspects as uni-
versal among the views. For example, a heads-up display
may change between two views while virtual objects may be
fixed to a real object or area 1n both views. Aspects such as
a color of an object, lighting, or other changes may be made
among the views without changing a fixed position of at
least one virtual object.

A user may see the virtual object 110 presented in an AR
system as opaque or as including some level of transparency.
In an example, the user may interact with the virtual object
110, such as by moving the virtual object 110 from a first
position to a second position. For example, the user may
move an object with his or her hand. This may be done 1n the
AR system virtually by determining that the hand has moved
into a position coincident or adjacent to the object (e.g.,
using one or more cameras, which may be mounted on an
AR device, such as AR device camera 106 or separate, and
which may be static or may be controlled to move), and
causing the object to move 1n response. Virtual aspects may
include virtual representations of real world objects or may
include visual eflects, such as lighting eflects, etc. The AR
system may include rules to govern the behavior of virtual
objects, such as subjecting a virtual object to gravity or
friction, or may include other predefined rules that dety real
world physical constraints (e.g., floating objects, perpetual
motion, etc.). An AR device 104 may include a camera 106
on the AR device 104 (not to be confused with the camera
112, separate from the AR device 104). The AR device
camera 106 or the camera 112 may include an infrared
camera, an inirared filter, a visible light filter, a plurality of
cameras, a depth camera, etc. The AR device 104 may
project virtual 1tems over a representation of a real environ-
ment, which may be viewed by a user.

The AR device 104 may be used 1n the surgical field 100
during a surgical procedure, for example performed by the
surgeon 102 on the patient 108. The AR device 104 may
project or display virtual objects, such as the virtual object
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110 during the surgical procedure to augment the surgeon’s
vision. The surgeon 102 may control the virtual object 110
using the AR device 104, a remote controller for the AR
device 104, or by interacting with the virtual object 110 (e.g.,
using a hand to “interact” with the virtual object 110 or a
gesture recognized by the camera 106 of the AR device 104).
The virtual object 108 may augment a surgical tool. For
example, the virtual object 110 may appear (to the surgeon
102 viewing the virtual object 110 through the AR device
104) to be coupled with or remain a fixed distance from the
surgical tool. In another example, the virtual object 110 may
be used to guide the surgical tool, and may appear to be fixed
to the patient 108. In certain examples, the virtual object 110
may react to movements of other virtual or real-world
objects 1n the surgical field. For example, the virtual object
110 may be altered when a surgeon 1s manipulating a
surgical instrument 1n proximity to the virtual object 110.

The surgical assistant 114 may be presented with a virtual
instrument through the AR display 116. The surgical assis-
tant 114 may select a surgical istrument corresponding to
the virtual mstrument, which may be detected by a detection
device, such as an AR camera 118. After detecting that the
surgical instrument has been identified, selected, or moved
by the surgical assistant 114, the AR display 116 may cease
display of the virtual instrument. In an example, the surgeon
102 or the nurse 120 may cause an instruction to be sent to
the AR device 116 of the surgical assistant 114 to display the
virtual instrument. In an example, the nurse 120 may see
virtual objects relevant to performing nurse (surgical assis-
tant) types duties in the surgical field. The surgeon 102 may
see virtual objects relevant to performing surgical duties 1n
the surgical field.

FIG. 2A 1illustrates an AR display 200A showing an
instrument box 1n accordance with some embodiments. AR
display 200A 1ncludes a physical surgical instrument case
203 and virtual representation of a surgical mnstruments 202.
The virtual representation of the surgical instruments 202
may be shown to a surgical assistant 1n order to identity a
physical surgical instrument to be retrieved for use 1n a
surgical procedure. In an example, the virtual representation
of a surgical instrument 202 may include an image shown 1n
the AR display 200A, for example appearing to tloat in front
of a field of vision of the surgical assistant. The 1mage may
be static or may be manipulated virtually (e.g., using a
gesture), such as to rotate, move, or zoom 1n or out on the
virtual representation of a surgical instrument 202.

In an example, the virtual representation of a surgical
istrument 202 may include a particular location 1n the AR
display 200A. For example, the virtual representation of a
surgical instrument 202 may hover over the case 205 or tray
containing the physical surgical instrument (corresponding
to the virtual representation of the surgical instrument 202).
In an example, the case 205 may be sealed (e.g., sterilized)
and may contain the physical surgical instrument. The case
205 may have an i1dentification component 215 (e.g., a
barcode, a QR code, a radio frequency 1dentification (RFID)
tag, etc.) to identily that the case 205 contains the physical
surgical instrument. The 1dentification component 215 may
be used to 1dentity the surgical instrument using a detection
device (e.g., a camera, a scanner, an RFID reader, etc.).
Using the identification, the AR display 200A may auto-
matically place the virtual representation of the surgical
instrument 202 over, within, or on the case 205. In an
example, the AR display 200A may appear to project the
virtual representation of a surgical instrument 202 within the
case 203, though the box 203 1s still closed. In an example,
the 1dentification component 215 may be scanned to cause
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contents of the case 205 to be displayed virtually (e.g., while
retaining sterility of the instruments 1n the case 205).

In an example, the AR display 200A may direct a surgical
assistant to a specific virtual surgical instrument 220 by
highlighting the virtual instrument 220, such as using virtual
brackets 225 around the virtual surgical instrument 220 or
pointing at 1t with a virtual arrow 230. In an example, when
the case 205 1s opened or the surgical imnstrument 1s selected,

the virtual representation of the surgical instrument 202 may
be removed from the AR display 200A.

A surgical procedure may use tools, 1nstruments,
implants, or securing devices (e.g., a pin, a screw, etc.). In
an example, some 1tems used 1n the surgical procedure may
be stored in a sterile sealed case (e.g., case 205) until the
surgery begins or shortly before. To maintain sterilization,
the case 205 may be placed have 1ts contents concealed.

A sterile sealed surgical case 205 may contain many
different types of items, depending on the surgery being
performed. For example, a surgery may involve an ortho-
pedic implant, such as a new hip joint, so the case may
contain the hip implant and the tools necessary for the
implant surgery. The tools and the implant may each be
contained in separate cases. If an implant or device 1s being
secured to a bone, a set of screws may be required for the
surgery, with those screws contained 1n another separate
sterile case. For other non-implant surgeries, only tools and
instruments may be contained 1n sterile sealed cases.
Depending on the needs of the surgery, tools may be
separated 1nto diflerent cases based on the type of tool or
surgical step order. In a surgical field, a surgeon, nurse, or
surgical technician may be presented with multiple sterile
cases, each with few 1dentifying marks about the contents of
the case.

An 1dentifying marker or label (e.g., the identification
component 215) may be placed on the outside of the case,
package, or tray. The case may also have a wireless trans-
ceiver placed on the outside or 1nside of the case. A sensor
may be used to read the identification component 215 or
communicate with the transcerver to 1dentify the case. The
sensor may be part of a reader or scanner with network
clectronic communication capabilities, erther wired or wire-
less, to transmit the identity of the case to a computer
system. The computer system may be connected to a server
or database. The 1dentity of the case may be determined by
querying the database. Properties of the case 205 may be
retrieved from the database, such as the contents of the case
205, the surgery it 1s intended for, how the case was
packaged, when 1t was packaged, or the like. The database
may contain information about an identity of a patient,
medical data for the patient, or specific details about an
implant. The database may contain 1mages or three-dimen-
sional representations of the 1items contained within the case
205. The database may contain a layout of an 1tem, such that
a virtual representation of the inside of the case 205 may be
created using the image or the three-dimensional represen-
tations of the 1tem.

When an operator views the case 205 with an AR device,
an 1mage of the layout of the inside of the case 205 may be
displayed on an AR display of the AR device. The operator
may be presented with a textual list of the 1tems contained
within the case. The operator may be presented with logis-
tical information, such as the patient’s name, the identity of
other cases needed for the operation, the date, time, and
location of the operation, or the names of any doctors or
nurses scheduled for the operation. The case content 1images
and listing may be displayed above the case or to the side.
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An 1mmage of an item, such as an implant, may also be
presented over the 1dentification component 215 on the case.

A three-dimensional representation of an 1tem 1n the case
2035, such as an implant, may be displayed to the operator on
an AR display of the AR device. The operator may manipu-
late the three-dimensional representation, such as by virtu-
ally “picking 1t up”, rotating 1t, moving 1t, or scaling 1t. The
AR device may detect fingers or a hand of the operator for
such mamipulation, or the operator may use a connected
component such as a controller or glove to perform the
mampulation.

In an example, the case 205 may be stored 1n a designated
storage arca with similar cases for surgical operations. A
logistical tracking and storage system may include informa-
tion for the location of each case. The case 205 may be
identified by a case identifier or identilying information for
an operation using the case 205. An operator with an AR
device may be tasked with retrieving a case for an operation.
The AR device may be connected by a network to a
logistical tracking and storage system (e.g., a database or a
service). The operator may provide 1dentifying information
for the case 205 to be retrieved, such as a case 1dentifier or
a surgical procedure identifier. The logistical tracking sys-
tem may provide directions to the AR device for the operator
to follow to locate the 1dentified case 1n the storage area, and
the directions may be displayed on an AR display of the AR
device. In an example, the AR device has a positioning
system, and the logistical tracking system may provide real
time directions to be displayed on the AR display based on
the position of the AR device 1n the storage area.

The directions provided to the AR device may be textual
step-by-step instructions, a map 1dentitying the case 205, or
the like. In an embodiment, a three-dimensional environ-
ment may be viewed on the AR device with directions or
information about the case 205. The directions may be
displayed on the AR display such that the directions change
or update based on changes or updates to a location of the
AR device. When the operator reaches the case 205, the AR
display may present a three-dimensional representation of
contents of the case 205 or other cases nearby.

In an example, a camera, scanner, portion of the AR
device, or the like may be used to scan of the identification
component 215. The scanned information may be used to
query a database to provide data to the AR device such as a
date, time, and location of the operation, patient information,
case mformation, or the like. The database may include set
up structions for the assembly or proper preparation tech-
niques for items 1n the case 205 or the case 203 1tself. The
assembly or preparation techniques may include surgeon-
specified 1nstructions. The assembly, techniques, or instruc-
tions may be displayed to the operator on the AR display.

The AR device may be used to assist the operator with the
maintenance of the items 1n the case. When the identification
component 215 on the case 205 or an individual item
identifier 1n the case 205 1s scanned, the AR device may
display an 1mage or text providing instructions for assembly,
disassembly, cleaning, lubrication, or the like for an item
within the case 205. In an example, a warnings or a caution
icon may be displayed to the operator for awareness of
dangerous or pertinent steps. The operator may interact with
the AR device, for example, by cycling through steps to view
cach step of a procedure.

As previously noted, the case 205 may be covered or be
very similar in appearance to other cases, and may be kept
sealed to remain sterile. When a surgical procedure room 1s
prepared for a surgery, the necessary cases are moved 1nto
the room. A operator may be tasked with registering each of
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the cases as part of the surgical procedure preparation such
that needed or potentially needed items, such as tools, are
placed in the room belfore the surgical procedure begins.

An operator employed to set up a surgical procedure room
may be directed, using an AR device, to place cases within
the room. The operator may scan the identification compo-
nent 215 for the case 205, and in response, data related to a
surgical procedure may be retrieved from a database, such as
based on the 1dentification of the case 205. Utilizing location
tracking sensors or a tracking camera system, the operator
may be provided directions, such as through the AR display,
to the appropriate location for the case 205. The AR display
may display a virtual image of the case 205 in the intended
location and position, such that the operator can see how and
where the case should be placed. In an example, the AR
display may detect (e.g., using a camera) when the operation
has matched or substantially matched the placement of the
case 205 with the virtual image displayed.

The contents of some cases may require assembly before
a surgical procedure begins. The operator may be prompted
on the AR display with instructions for opening the case and
locating pieces for the item to be assembled. The AR display
may present three-dimensional representations of the pieces
or the location of the pieces, such displaying a three-
dimensional representation of the piece above where the
piece 1s physically located. Through object recognition or
scanning 1identification tags on a piece (e.g., a bar code, a QR
code), the AR device may determine that all necessary
pieces have been located. The AR display may present
instructions for assembling the i1tem. The instruction may
include a list of textual steps, animations, video, or the like.
The instructions may be animated steps using the three-
dimensional representations of the pieces. When the opera-
tor completes the assembly, the AR display may provide a
three-dimensional representation of the assembled item such
that the operator may confirm the physical assembled 1tem
resembles the representation. The operator may then be
provided instructions on the AR display for the placement of
the assembled item with the surgical procedure room.

Similar to being tasked with assembling an item from
contents contained 1n a case, an operator may be tasked with
disassembling, cleaning, or lubricating items from a case,
including repacking the case with the 1tems or disassembled
pieces of an item or discarding items that are one time use
items. The operator may be provided instructions for these
tasks on the AR display similar to the assembly instructions.
In addition to instructions displayed to the operator, any
warnings or precautions about the item being handled may
be displayed.

After a surgical procedure room has been prepared and
before a surgery begins, a surgeon or surgical assistant may
perform an mspection of the surgical procedure room. The
case 205 may be open such that 1t 1s ready for when the
surgical procedure 1s to begin. The surgical assistant, utiliz-
ing an AR device, may scan the identification component
215 on the case 205 1n the surgical procedure room. By
scanning the 1dentification component 213, two actions may
occur. First, a confirmation may be made that the case 205
1s to be used for the surgical procedure. In an example, the
AR device may alert the surgical assistant if any necessary
cases are not scanned. Second, using the case identifier, an
inventory of the 1items 1n the case 205 may be retrieved, such
as Irom a database. The iventory may include three-
dimensional representations of the contents and 1dentifying
information for the contents, such as the name of the
intended patient, procedure information, or other patient
related information. The surgical assistant may then be
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presented with a display on the AR device of the intended
inventory of the case. The surgical assistant, viewing both
the actual contents of the case and the virtual representations
ol the case contents on the AR headset display may inspect
the case contents and confirm the intended case contents are
physically present. The confirmation step for the surgical
assistant may include inspecting an 1tem for proper assems-
bly. The system may recognize a surgical assistant mspec-
tion 1s occurring and provide the surgical assistant’s AR
device with a three-dimensional representation of the
assembled 1tem instead of the pieces or assembly instruc-
tions a previous operator may have had displayed.

During a surgical procedure mvolving the case 205 (or
during a surgical training procedure), an operator, such as a
surgeon or nurse, may utilize an AR device. The AR device
may allow the operator to see virtual representations while
still viewing the surgical operation and the surgical field. In
an embodiment, the AR device may have a camera attached
to capture the 1dentification component 215, such as a QR
code. The AR device may transmit i1dentification informa-
tion to a computer system connected to an itemized case
database and receive information for the identified case 205.
When the operator views the case 205 with the AR device,
an 1mage of the layout of the inside of the case 205 may be
displayed. In an example, the operator may be presented
with one of, or a combination of, a list of the 1items within
the case, images, or three-dimensional representations of the
items within the case 205. The case 205 may contain more
items than necessary for the surgical procedure being per-
formed, and the system may display to the operator only the
items 1n the case 205 necessary for the operation. The subset
of 1tems necessary for the operation may be the only 1tems
displayed to the operator 1nstead of displaying all the 1tems
contained within the case 205. For example, the AR display
may present all items within the case 205, but diflerentiate
the necessary 1tems from the unnecessary items, such as the
necessary items being colored green and the unnecessary
items being colored red.

FIG. 2B 1illustrates an augmented reality (AR) instrument
identification display 200B i1n accordance with some
embodiments. The AR instrument identification display
200B 1includes a surgical instrument 206, a virtual indicator
208, and may include additional information 210, such as
patient or procedure mnformation. The virtual indicator 208
may be used to identily the surgical istrument 206 that
corresponds to a procedure being performed. The virtual
indicator 208 may include moving lights, flashing lights,
color or changing color lights, or other virtual effects. The
additional information 210 may for example, name or pro-
vide other information about the surgical instrument 206.
The virtual indicator 208 may be added to the AR display
200B 1n response to a surgeon selection 1dentifying a need
for the surgical instrument 206. In an example, when the
surgical mstrument 206 1s or has been moved, selected, or
the surgical assistant otherwise indicates that 1t has been
located or identified (or if the surgeon indicates it 1s no
longer needed), the virtual indicator 208 may be removed
from the AR display 200B. In an example a virtual indicator
212 may be used to identily an 1tem. A user of the AR device
used to present the AR display 200B may interact with the
virtual mdicator 208, for example by placing a finger, hand,
or item adjacent to or appearing to occupy the same space as
the virtual indicator 208. In response, the virtual indicator
208 may perform an action, such as displaying information
about the 1tem represented by the virtual indicator 208 (e.g.,
a name of the item, whether the 1tem 1s a one-time use item
or can be resterilized, whether the item 1s fragile, whether
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the 1tem 1s a patient-specific or personalized item, what
procedure the item 1s to be used for, or the like).

FIG. 3 1illustrates an example augmented reality display
300 for a surgeon in accordance with some embodiments.
The AR display 300 may include one or more information
user interfaces, such as Uls 302-306. The AR display 300
includes a virtually displayed patient image 308, which may
be displayed projected on a patient (e.g., a skeleton overlaid
on the patient). The AR display 300 includes a wvirtual
representation 310, such as of patient anatomy with an
implant. The virtual representation 310 and the patient
image 308 may be superimposed and displayed overlaid on
the patient. For example, the surgeon may alternate between
viewing the anatomy via the patient image 308 and the
virtual representation 310, or may switch both off to view
the patient without any virtual projections. The wvirtual
representation 310 may be modified by the surgeon, such as
to adjust the size or position of the implant with respect to
the anatomy of the patient (either as viewed on the patient
or from the patient image 308).

The mformation Uls 302-306 may include a procedure
information Ul 302, a patient information UI 304, or an
active count UI 306. These Uls 302-306 may be displayed
as virtual components 1n a heads-up portion of the AR
display 300. In an example, during a surgical procedure, the
active count Ul 306 may be used to monitor surgical
instruments, sponges, gauze, or other materials used during
the surgical procedure. For example, the AR display 300
may be in communication with one or more cameras (e.g.,
a camera on an AR device including the AR display 300, or
a remote camera) or one or more other detection devices. A
detection device may be used to track the surgical instru-
ments, sponges, gauze, etc. during the surgical procedure. A
count of these may be shown on the active count UI 306. The
active count Ul 306 may allow a surgeon to easily see
whether all items are accounted for, such as before finishing,
the surgical procedure (e.g., before closing the patient). In
another example, the active count Ul 306 may include a
tracked cement mixing time, exposure time, or the like. The
surgeon may be presented with a *““start” button for the timers
within the active count UI 306. The countdown timer may be
used to track time for cement open, mixing, exposure, time
to body, etc. In another example, mmformation typically
displayed on a whiteboard in an operating room may be
displayed in one of the Uls 302-306. Another counter may
track a number of times a door has been opened and the
counter may displayed 1 a Ul Tracked information may be
downloaded or saved into a patient file (e.g., an electronic
medical record). A camera of the AR display may detect
whether a procedure 1s being conducted or 1s about to be
conducted on a left or right anatomy of a patient. The AR
display may display a verification that the surgeon 1s oper-
ating on the proper anatomy (e.g., right knee versus leit
knee) or may display or 1ssue an alert 1f the wrong anatomy
1s 1dentified.

In the event that a count indicates a missing item, the AR
display 300 may be used to 1dentify a last-identified location
of the item. For example, 11 a detection device 1dentifies that
a piece of gauze has fallen on the floor and a person 1is
standing on the gauze, the area around the person’s foot may
be highlighted or it up in the AR display 300. In another
example, 11 a sponge 1s in the patient, the location within the
patient may be identified using the AR display 300. This may
help preventing leaving 1tems 1n a patient. An alert may be
displayed to the surgeon (or the surgical team in general)
when a count does not match up. The AR display 300 may
display the alert or the alert may be audible or haptic. The
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AR display 300 may display likely locations of items that
may be missing. In an example, an AR display of a surgical
assistant or item counter may include a virtual identification
representations of all items, a set of items, any 1tems likely
to be missed, or all items within a patient. That AR display
may then maintain virtual identification of the items until the
procedure ends, or until the 1tems are removed.

In an example, the AR display 300 may include sample
displays of other team members, such as a nurse display 312
or a surgical assistant display 314. In an example, the
surgeon using the AR display 300 may identily a surgical
instrument to be used and virtually drag the surgical instru-
ment from a selection location to the surgical assistant
display 314 (or may select the surgical instrument from
within the surgical assistant display 314). A virtual repre-
sentation of the surgical mstrument may then be displayed 1n
the surgical assistant display 314 automatically. In this way,
the surgeon may use the AR display 300 to control other AR
displays (e.g., using a gesture or a voice command), or the
AR display 300 and the other AR displays may be synchro-
nized. In an example, the nurse display 312 may show the
virtual representation 310, which may be automatically
updated 1n the nurse display 312 1n response to changes
made 1n the AR display 300 (or vice versa).

FIGS. 4A-4C illustrate augmented reality surgical instru-
ment assembly displays 400A-400C 1n accordance with
some embodiments. The AR displays 400A-400C may be
used to present virtual representations of portions of a
surgical mstrument for assembly 1nstructions. For example,
FIG. 4A 1llustrates a series of virtual representations. For
example, a first virtual representation 402 1llustrates instru-
ments to be assembled. A second virtual representation 404
illustrates a first action to assemble one of the instruments.
A third virtual representation 406 1llustrates a second action
to assemble another of the instruments. The AR display
400A may present each of the virtual representations 402-
406, for example in order, such that the corresponding
surgical instruments may be assembled. In an example the
virtual representation 406 may be displayed atfter a detection
device 1dentifies that an assembly operation corresponding
to the virtual representation 404 has been completed (e.g., by
a user viewing the AR display 400A). The virtual represen-
tations 402-406 may proceed automatically as correspond-
ing assembly 1s completed for a real surgical instrument, or
a surgeon may cause (e.g., by selecting a virtual user
indication or performing a gesture) a red light or green light
(or other visual indicator) of whether to proceed, to be
displayed. The AR displays 400B and 400C illustrate other
techniques that may be illustrated using virtual representa-
tions to allow a user to assemble an istrument. Other
techniques or assembly of instruments may be displayed
using virtual representations. The AR displays 400A-400C
may include animation or video to illustrate assembly
instructions.

FIG. § illustrates a flow chart showing a technique 500 for
surgical instrument identification using an augmented reality
display 1n accordance with some embodiments. The tech-
nique 500 includes an operation 502 to present, within a
surgical field while permitting the surgical field to be viewed
through the augmented reality display, a virtual indication of
a surgical instrument. The technique 500 includes an opera-
tion 504 to determine whether the surgical instrument has
been selected. The technique 500 includes an operation 506
to remove the virtual indication from display 1n response to
determining that the surgical instrument has been selected.

The technique 500 may include an operation to i1dentily
the surgical mstrument from at least one of: a plurality of
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surgical instruments, a box including the surgical instru-
ment, a tray including the surgical instrument, or the like.
The detection device may include a camera, an optical
imaging device, an electronic identification device (e.g.,
RFID or barcode reader), or the like. In an example utilizing
a camera (integrated into the AR device or a stand-alone
camera), the camera may identily an instrument through
shape recogmtion or through identification of an i1dentifica-
tion mark, such as a QR code or similar two or three
dimensional mark. The technique 500 may include using a
proximity detector (e.g., RFID, NFC, Bluetooth, etc.), a
motion sensor, a button on the surgical instrument, or the
like to identily the surgical instrument. In an example, the
technique 500 may include using the AR device to notily a
second AR device to instruct a user to obtain the surgical
instrument (e.g., using the second AR device), or to alert a
user that the surgical mstrument has been obtained (e.g.,
using the second AR device). The techmique 3500 may
include displaying a portion of a view from a second
augmented reality device (e.g., including virtually displayed
components).

The techmique 500 may include displaying patient or
procedure mformation, for example in a heads-up portion of
the AR display. In an example, a series of virtual compo-
nents may be presented, such as to provide instruction for
assembly of the surgical mstrument. The series of virtual
components may be displayed 1n progression automatically,
such as 1n response to detecting (e.g., automatically using a
detection device or from a user input) that an operation
corresponding to one of the series of virtual components 1s
complete. The system may be able to automatically detect
the diflferent mstruments being used during a procedure by
shape recognition, RFID tags, bar codes, or similar tagging
or recognition methods.

In an example, a technique may present a virtual indica-
tion of a surgical instrument and remove the indication when
the a surgical step has been completed. For example, the
technique may include an operation to i1dentily (e.g., using
a processor) a surgical procedure including a plurality of
surgical steps. The plurality of surgical steps may be ordered
or unordered or may include partial orders. The technique
may include an operation to determine, from the surgical
procedure, a surgical instrument needed for a surgical step of
the plurality of surgical steps. The techmque may include an
operation to present, using an augmented reality display of
the augmented reality device, overlaid on a view of the
surgical field while permitting the surgical field to viewed
through the augmented reality display, a virtual representa-
tion of the surgical instrument. The technique may include
an operation to determine whether the surgical step has been
completed. In response to determining that the surgical step
has been completed, the technique may include presenting,
using an augmented reality display of the augmented reality
device, within the surgical field, a virtual representation of
a second nstrument for a second surgical step of the
plurality of surgical steps.

In an example, the technique may include 1dentifying the
second surgical step based on 1dentifying a visual or audio
indication. For example the visual indication may include a
detected gesture (e.g., a surgeon hand gesture), a visual
detection that the surgical mstrument has been moved or
placed 1n a particular position or area, or the like. The audio
indication may include a spoken comment recognized via a
microphone, a tone sounding, or the like.

The technique may include determining whether the sur-
gical mstrument 1s needed 1n a later surgical step of the
plurality of surgical steps. In response to determining that
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the surgical instrument 1s needed in the later surgical step,
displaying an indication (e.g., a virtual indication, an 1ndi-
cation on a user 1nterface, etc.) that the surgical instrument
1s needed 1n the later surgical step. In another example, an
audio 1ndication or a haptic indication may be used instead
of or 1n addition to the displayed indication.

FIG. 6 illustrates a system 600 for surgical instrument

identification using an augmented reality display 1n accor-
dance with some embodiments. The system 600 may be used
to perform the technique 500 described in relation to FIG. 5,
for example, by using the processor 602. The system
includes an augmented reality device 601 that may be 1n
communication with a database 616. The augmented reality
device 601 includes a processor 602, memory 604, an AR
display 608, and a camera 606. The augmented reality
device 601 may include a sensor 610, a speaker 612, or a
haptic controller 614. The database 616 may include 1image
storage 618 or preoperative plan storage 620. In an example,
the augmented reality device 601 may be a HoloLens
manufactured by Microsoit of Redmond, Washington.
The processor 602 of the augmented reality device 601
includes an augmented reality modeler 603. The augmented
reality modeler 603 may be used by the processor 602 to
create the augmented reality environment. For example, the
augmented reality modeler 603 may receive dimensions of
a room, such as from the camera 606 or sensor 610, and
create the augmented reality environment to fit within the
physical structure of the room. In another example, physical
objects may be present in the room and the augmented
reality modeler 603 may use the physical objects to present
virtual objects 1n the augmented reality environment. For
example, the augmented reality modeler 603 may use or
detect a table present 1n the room and present a virtual object
as resting on the table. The AR display 608 may display the
AR environment overlaid on a real environment. The display
608 may show a virtual object, using the AR device 601,
such as 1n a fixed position 1n the AR environment.

The augmented reality device 601 may include a sensor
610, such as an infrared sensor. The camera 606 or the sensor
610 may be used to detect movement, such as a gesture by
a surgeon or other user, that may be interpreted by the
processor 602 as attempted or intended interaction by the
user with the virtual target. The processor 602 may 1dentily
an object 1n a real environment, such as through processing
information received using the camera 606.

The AR display 608, for example during a surgical
procedure, may present, such as within a surgical field while
permitting the surgical field to be viewed through the
augmented reality display, a virtual feature corresponding to
a physical feature hidden by an anatomical aspect of a
patient. The virtual feature may have a virtual position or
orientation corresponding to a first physical position or
orientation of the physical feature. In an example, the virtual
position or orientation of the virtual feature may include an
oflset from the first physical position or orientation of the
physical feature. The offset may include a predetermined
distance from the augmented reality display, a relative
distance from the augmented reality display to the anatomi-
cal aspect, or the like.

FIG. 7 illustrates generally an example of a block diagram
of a machine 700 upon which any one or more of the
techniques (e.g., methodologies) discussed herein may per-
form 1n accordance with some embodiments. In alternative
embodiments, the machine 700 may operate as a standalone
device or may be connected (e.g., networked) to other
machines. In a networked deployment, the machine 700 may
operate 1n the capacity of a server machine, a client machine,
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or both 1n server-client network environments. The machine
700 may be a personal computer (PC), a tablet PC, a
personal digital assistant (PDA), a mobile telephone, a web
appliance, a network router, switch or bridge, or any
machine capable of executing instructions (sequential or
otherwise) that specily actions to be taken by that machine.
Further, while only a single machine is illustrated, the term
“machine” shall also be taken to include any collection of
machines that individually or jointly execute a set (or
multiple sets) of instructions to perform any one or more of
the methodologies discussed herein, such as cloud comput-
ing, soltware as a service (SaaS), other computer cluster
configurations.

Examples, as described herein, may include, or may
operate on, logic or a number of components, modules, or
like mechanisms. Such mechanisms are tangible entities
(e.g., hardware) capable of performing specified operations
when operating. In an example, the hardware may be
specifically configured to carry out a specific operation (e.g.,
hardwired). In an example, the hardware may include con-
figurable execution units (e.g., transistors, circuits, etc.) and
a computer readable medium containing instructions, where
the instructions configure the execution units to carry out a
specific operation when 1n operation. The configuring may
occur under the direction of the executions units or a loading
mechanism. Accordingly, the execution units are communi-
catively coupled to the computer readable medium when the
device 1s operating. For example, under operation, the
execution units may be configured by a {irst set of instruc-
tions to implement a first set of features at one point 1n time
and reconfigured by a second set of instructions to 1mple-
ment a second set of features.

Machine (e.g., computer system) 700 may include a
hardware processor 702 (e.g., a central processing unit
(CPU), a graphics processing unit (GPU), a hardware pro-
cessor core, or any combination thereol), a main memory
704 and a static memory 706, some or all of which may
communicate with each other via an interlink (e.g., bus) 708.
The machine 700 may further include a display unit 710, an
alphanumeric input device 712 (e.g., a keyboard), and a user
interface (UI) navigation device 714 (e.g., a mouse). In an
example, the display unit 710, alphanumeric mput device
712 and Ul navigation device 714 may be a touch screen
display. The display unit 710 may include goggles, glasses,
or other AR or VR display components. For example, the
display unit may be worn on a head of a user and may
provide a heads-up-display to the user. The alphanumeric
iput device 712 may include a virtual keyboard (e.g., a
keyboard displayed virtually in a VR or AR setting.

The machine 700 may additionally include a storage
device (e.g., drive unit) 716, a signal generation device 718
(e.g., a speaker), a network interface device 720, and one or
more sensors 721, such as a global positioning system (GPS)
sensor, compass, accelerometer, or other sensor. The
machine 700 may include an output controller 728, such as
a serial (e.g., umversal serial bus (USB), parallel, or other
wired or wireless (e.g., infrared (IR), near field communi-
cation (NFC), etc.) connection to communicate or control
one or more peripheral devices.

The storage device 716 may include a machine readable
medium 722 that 1s non-transitory on which is stored one or
more sets of data structures or instructions 724 (e.g., soft-
ware) embodying or utilized by any one or more of the
techniques or functions described herein. The instructions
724 may also reside, completely or at least partially, within
the main memory 704, within static memory 706, or within
the hardware processor 702 during execution thereof by the
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machine 700. In an example, one or any combination of the
hardware processor 702, the main memory 704, the static
memory 706, or the storage device 716 may constitute
machine readable media.

While the machine readable medium 722 1s 1illustrated as
a single medium, the term “machine readable medium”™ may
include a single medium or multiple media (e.g., a central-
1zed or distributed database, or associated caches and serv-
ers) configured to store the one or more instructions 724.

The term “machine readable medium” may include any
medium that 1s capable of storing, encoding, or carrying
instructions for execution by the machine 700 and that cause
the machine 700 to perform any one or more of the tech-
niques of the present disclosure, or that 1s capable of storing,
encoding or carrving data structures used by or associated
with such instructions. Non-limiting machine readable
medium examples may include solid-state memories, and
optical and magnetic media. Specific examples of machine
readable media may include: non-volatile memory, such as

semiconductor memory devices (e.g., Electrically Program-
mable Read-Only Memory (EPROM), Electrically Erasable

Programmable Read-Only Memory (EEPROM)) and flash
memory devices; magnetic disks, such as internal hard disks
and removable disks; magneto-optical disks; and CD-ROM

and DVD-ROM disks.

The instructions 724 may further be transmitted or
received over a communications network 726 using a trans-
mission medium via the network interface device 720 uti-
lizing any one of a number of transfer protocols (e.g., frame
relay, internet protocol (IP), transmission control protocol
(TCP), user datagram protocol (UDP), hypertext transfer
protocol (HT'TP), etc.). Example communication networks
may 1nclude a local area network (LAN), a wide area
network (WAN), a packet data network (e.g., the Internet),
mobile telephone networks (e.g., cellular networks), Plain
Old Telephone (POTS) networks, and wireless data net-
works (e.g., Institute of Electrical and Electronics Engineers
(IEEE) 802.11 family of standards known as Wi-Fi®, as the
personal area network family of standards known as Blu-
ctooth® that are promulgated by the Bluetooth Special
Interest Group, peer-to-peer (P2P) networks, among others.
In an example, the network interface device 720 may include
one or more physical jacks (e.g., Ethernet, coaxial, or phone
jacks) or one or more antennas to connect to the communi-
cations network 726. In an example, the network interface
device 720 may include a plurality of antennas to wirelessly
communicate using at least one of single-mnput multiple-
output (SIMO), multiple-input multiple-output (MIMO), or
multiple-input single-output (MISO) techniques. The term
“transmission medium™ shall be taken to include any intan-
gible medium that 1s capable of storing, encoding or carrying
instructions for execution by the machine 700, and 1includes
digital or analog communications signals or other intangible
medium to facilitate communication of such software.
Moving now to FIGS. 8-11, various surgical procedures
are discussed with augmented reality assistance. An AR
device may be used to direct an operator during a surgical
procedure. The operator may wear an AR device includes a
display screen which allows for the physical surgical field to
be viewed through the display screen and a camera to detect
what the operator 1s viewing and correlate the orientation of
the 1images displayed on the display screen. The AR device
may be connected through a network to a server and
database. The database may contain the ordered steps for a
surgical procedure and data for creating virtual representa-
tions of the actions associated with each step. An operator

may select a surgical procedure from a plurality of surgical
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procedures. The plurality of surgical procedures may be
displayed on the display screen or may be displayed on a
separate monitor connected to the server. In certain
examples, the surgical procedure 1s selected through patient
identification (barcode scan RFID, etc. . . . ), as the patient
1s 1n the operating room for a particular procedure.

Before beginming the surgical procedure, the operator,
wearing the AR device, may be tasked with performing steps
to orient the AR device. The orientation tasks may include
establishing the location of the operator 1n the surgical field,
utilizing the camera or other sensors to record the position
and orientation of the patient’s body, and scanning one or
more cases for the surgical procedure to register their
presence 1n the surgical field and confirm their location 1s
correct. The orientation tasks may assist the AR device with
properly presenting images 1n a three-dimensional space to
the operator and correctly position guidance information and
images related to the positioning of the patient’s body.

An operator may indicate with gestures visible to the AR
device that the surgical procedure should begin. The opera-
tor may be presented on the display screen with textual
instructions for a step of the surgical procedure. The display
screen may present a virtual three-dimensional representa-
tion of the action to be performed for the step. The virtual
three-dimensional representation may be animated to dem-
onstrate the direction and force for the operator to employ.
For example, the surgical procedure step may involve saw-
ing part of a bone. The virtual three-dimensional represen-
tation may present an animation demonstrating the angle the
saw should be placed and the amount of force to use. The
display screen may also present any precautions and warn-
ings about the surgical step to be performed. This may
include reactions the operator should be aware of that may
indicate a problem. When an mstrument 1s involved with the
surgical step, the operator may be required to register the
istrument to confirm the operator 1s using the correct
instrument for the surgical step. The registration of the
instrument may be performed by having the camera of the
AR device capture the mstrument and transmit the captured
image to the server and database to perform object recog-
nition. The registration may also be performed by using the
camera or a sensor to scan an 1dentifying code on the
instrument. When the operator registers a correct instrument,
the display screen may continue with presenting the next
step of the surgical procedure. In addition to registering the
instrument, the AR device and camera may be utilize to
coniirm the instrument 1s 1n the correct position and orien-
tation for the surgical step. Similar to the registration step,
the camera may capture the instrument and send the cap-
tured 1mage to the server and database for confirmation of
the position and orientation. Should the istrument not be in
the correct position and orientation, the display screen may
present a virtual representation of the instrument 1n three-
dimensional space with the correct position and orientation
for the operator to match with the physical instrument.

The AR device display screen may present guidance
images for the surgical steps. By viewing through the AR
device display screen, an operator may see the guidance
images appear on the patient’s body. For example, a surgical
step may be to make an incision. The operator may be
presented with an incision marker ol where the incision
should be made on the patient’s body. Utilizing the camera
of the AR device to orient with the view of the operator, as
the view of what the operator sees changes, the position and
location on the body of the 1incision marker does not change.
In an example, when placing an implant, such as a new hip
joint, the AR device display screen may present a virtual
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image ol the hip implant. By analyzing the position and
orientation of the body and bones of the patient, virtual hip
implant 1mage 1s presented in the proper position and
alignment corresponding to the patient. For proper seating of
the implant, the operator may match the position and align-
ment of the virtual hip implant 1mage with the physical hip
implant.

The AR system may determine, such as by momitoring
through the camera, when a surgical step has been com-
pleted. The AR system may advance to the next surgical step
by presenting to the operator on the display screen infor-
mation for the next surgical step, such as textual instructions
or a virtual representation of the surgical action. The AR
system may continue to determine when each surgical step
1s complete and advance to the next surgical step until all
surgical steps for the surgical procedure have been com-
pleted. The AR system may also monitor the performance of
the steps by the operator to determine 1f the steps are being
completed correctly. When the AR system determines a
surgical step 1s not being performed correctly, an alert may
be transmitted to make the operator aware. The alert may be
a virtual flashing presented on the display screen or a
buzzing sound 1f the AR device has sound capability. The
images presented on the display screen may also change,
such as changing the color of the presented virtual images to
red or flashing the textual instruction that i1s not being
performed correctly.

The operators 1n a surgical field during a surgical opera-
tion may utilize multiple AR devices. The AR devices may
be 1n a networked communication with each other, wherein
the information presented 1n each AR device display screen
may have dependencies on the actions determined by
another AR device. The surgical field may have multiple
operators each with an AR device, with one operator clas-
sified as the lead operator to perform the surgical steps of the
surgical procedure. The AR device of the lead operator may
present the surgical step to be performed while the AR
devices of the other operators may also present the surgical
step such that the other operators are aware of the surgical
action the lead operator 1s performing.

In an embodiment, a second operator may have a sec-
ondary surgical action to perform while the lead operator
performs the primary surgical action. The AR device for the
lead operator may present the primary surgical step of the
surgical procedure for the lead operator to perform while the
AR device for the second operator may present the second-
ary step to assist the primary surgical step for the second
operator to perform. For example, a surgical step may be to
drill a hole into a bone using a j1g, wherein the j1g must be
held in place while the hole 1s drilled. The AR device of the
second operator may present information for positioning and
holding the j1g 1n place. The AR device of the lead operator
may present information for drilling the hole using the j1g as
a guide.

In an embodiment, the information presented to a second
operator may be dependent upon the actions determined by
information gathered from the AR device of the lead opera-
tor. The AR system, while monitoring a surgical procedure
step to determine completeness of the step, may also monitor
for side eflect scenarios. A side eflect scenario may be
something that occurs during a surgical step or a surgical
step that was not planned. For example, while the lead
operator 1s performing a surgical step, the AR system may
determine blood 1s pooling in the surgery site. This deter-
mination may prompt a side elflect scenario and a new
surgical step may be presented to the second operator, such
as applying more gauze or cauterizing a blood vessel. The
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anticipation and determination of side effect scenarios may
allow for the lead operator to focus on the primary surgical
step and not have their attention diverted to request assis-
tance.

A database may store a plurality of surgical procedures,
wherein a stored surgical procedure includes textual instruc-
tions, 1mages, three-dimensional representations of 1nstru-
ments and procedural actions, and 1mage analysis charac-
teristics to determine completeness ol a step or secondary
scenar10s. The surgical procedures may be linear and the
surgical procedures may have branching options. During a
surgical procedure, when an operator completes a current
step, there may be multiple next steps based on factors found
during the completion of the current step. The operator may
input the factors found or the AR system may analyze the
images taken from the surgical site to determine which next
step to proceed with. For example, a patient may be having
issues with theiwr hip joint. Scans, such as x-rays or a
Magnetic Resonance Imaging (MRI) image may show the
hip joint has bumps or inconsistencies on the surface. The
proper remedy may not be able to be determined until a
surgical procedure takes place and the doctor may view the
actual hip bone. In this scenario, the operator may be
presented with a linear set of steps for operating until the hip
joint 1s visible. Once the hip joint 1s visible, a determination
may be made, such as sanding the bone or placing a ball cap
on the ball joint. Based on the determination, the operator
may be presented with the steps for proceeding with the
determined procedure.

FI1G. 8 illustrates a virtual representation of a force 808 to
be applied during a surgical procedure in accordance with
some embodiments. The virtual representation of the force
808 may illustrate a direction for the force to be applied,
such as to remove a tibial jig 804, the virtual representation
of the force 808 displayed using an AR display. The virtual
representation of the force may be displayed to guide a
surgeon 1n applying the force. FIG. 8 includes an overlaid
virtual 1mage 806 to show occluded parts of the tibial jig
804, bone, etc., that are obstructed from view. The overlaid
virtual image 806 allows a surgeon to view a virtual repre-
sentation of the occluded parts while performing the surgical
procedure.

The virtual representation of the force 808 may be used to
demonstrate an action to be taken with an instrument (e.g.,
showing a technique for proper mixing of bone cement, or
proper application of a force). Other techniques or actions
may be represented by the virtual representation, such as a
rotation, a sliding movement, a torque to be applied, or the
like. The AR display may include virtual representations of
tools or actions. By using the AR display, paper or two-
dimensional screen usage may be reduced or eliminated for
these techniques. For example, operations of a technique to
be performed may be represented virtually to show a sur-
geon how to perform the technique. In an example, a bone
landmark may be highlighted. The highlight may be used to
show a reference location (e.g., on a bone) for an 1instrument
(e.g., with a tibial drop rod, highlighting or accentuating the
center of the malleol: that the rod 1s supposed to point to).

FI1G. 9 illustrates virtual representations for use in instru-
ment placement in accordance with some embodiments. The
virtual representations may include a correct alignment
three-dimensional virtual representation 902 or an incorrect
alignment three-dimensional virtual representation 904 dis-
played using an AR display. Similar to the techniques
described above for FIG. 8, a movement or force indication
906 may be displayed virtually to indicate a direction or
force for placing an instrument. The correct alignment
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three-dimensional virtual representation 902 may be shown
with the incorrect alignment three-dimensional virtual rep-
resentation 904. In an example, the correct alignment three-
dimensional virtual representation 902 may be shown on the
AR display automatically. Then, 1 a surgeon selects an
option to recerve additional guidance, the incorrect align-
ment three-dimensional virtual representation 904 may be
shown. In another example, an AR device (e.g., using a
camera) may automatically detect that a placement align-
ment of an mstrument 1n a surgical field i1s incorrect or may
be placed incorrectly. In response, the AR display may show
the correct alignment three-dimensional virtual representa-
tion 902 or the incorrect alignment three-dimensional virtual
representation 904. The incorrect alignment three-dimen-
sional virtual representation 904 may include additional
information, such as text indicating that the incorrect align-
ment three-dimensional virtual representation 904 1s a com-
mon alignment 1ssue, or an animation to show how the
incorrect alignment three-dimensional virtual representation
904 occurs or to show how to change an incorrect alignment
to one matching the correct alignment three-dimensional
virtual representation 902. In an example, the three-dimen-
sional virtual representations 902 and 904 may represent a
tibial jig.

FIG. 10 1illustrates instrument alignment using a virtual
alignment guide 1002 (e.g., a “ghost”) 1n accordance with
some embodiments. The virtual alignment guide 1002 may
be a “ghost,” which refers to a partially translucent virtual
representation that 1s visible and also allows real aspects
behind the ghost to be visible (e.g., partially see through).
The virtual alignment guide 1002 may include a virtual
representation of an alignment rod. The alignment rod 1s
typically used to align a cut guide 1004 to secure the cut
guide 1004 (e.g., to a bone 1006), perform a cut, or to verily
alignment. In an example, the virtual alignment guide 1002
may eliminate the need for the alignment rod by virtually
displaying a representation of the alignment rod. The virtual
alignment guide 1002 may be used to align the cut guide
1004 to the bone 1006 to secure the cut guide 1004, to
perform the cut, or to verily alignment by displaying a
virtual alignment rod. Thus, the virtual alignment guide
1002 removes the need to use a physical alignment rod,
reducing manufacturing costs, time to perform a procedure,
and the potential hassle of inserting the alignment rod. The
virtual alignment guide 1002 may be automatically dis-
played using an AR display, such as when the cut guide 1s
placed.

FIGS. 11A-11B 1illustrate diagnostic augmented reality
displays in accordance with some embodiments. FIG. 11A
illustrates an AR display 1102 of a patient (e.g., including a
target area 1104 for a surgical procedure), such as 1 a
surgical field. The AR display 1102 may include technical
information displayed virtually, such as heart rate 1006 or
oxygen content 1008 for a patient being viewed through the
AR display 1102. The AR display 1102 may include patient
information (e.g., name, age, allergies, potential patient-
specific complications, etc.), procedure information 1110
(e.g., type of procedure, side of the body, efc.), readiness
information, time or counters, or the like. The displayed
information may be accessed or changed in real time,
including updating the information for display in the AR
display 1102. In an example, a clinician using the AR display
1102 may change the information displayed, such as by
using a gesture or input device, or may save the information
or a snapshot of the AR display 1102, such as to a patient file.

FIG. 11B illustrates an AR display 1112 including a

virtual skeleton 1114 overlaid on a patient 1105, for example
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in a surgical field. The AR display 1112 may include aspects
described above 1n relation to AR display 1112. The virtual
skeleton 1114 may be generated from an image of the patient
1105 or using a camera of an AR device including the AR
display 1112. The virtual skeleton 1114 may be virtually
coupled to the patient 1105, for example, such that when the
patient 1105 moves or 1s moved, the virtual skeleton 1114

moves accordingly.

The AR display 1102 may include a virtual indicator 1116
to guide a clinician. The virtual indicator 1116 may be
displayed 1n the AR display 1102 in a location where the
clinician 1s to perform an incision. In an example, virtual
guidance information may be displayed in the AR display
1112, such as the virtual indicator 1116 to indicate a location
to perform an incision. The virtual indicator 1116, like the
virtual skeleton 1114 may be virtually coupled to the patient
1105 and move when the patient 1105 moves or 1s moved.
A scalpel 1118 1s represented 1n FIG. 11B. The scalpel 1118
shown 1s a physical scalpel, shown 1n FIG. 11B to illustrate
how a surgeon may see¢ the scalpel 1118 and the virtual
indicator 1116 together through the AR display 1102, while
performing the surgical procedure. By allowing real-world
objects (e.g., the scalpel 1118) to be viewed and presenting
virtual objects (e.g., the virtual indicator 1116), the AR
display 1102 presents a mixed reality or augmented reality
for the surgeon to more accurately perform the surgical
procedure. By using the AR display 1102, the surgeon 1s
allowed to focus on the surgical procedure without needing
to direct attention away from the surgical procedure to
consult information.

FI1G. 12 illustrates a flow chart showing a technique 1200
for presenting virtual aspects of a surgical procedure 1n
accordance with some embodiments. The surgical procedure
may be identified and may include a plurality of surgical
steps. In an example, 1dentification may 1nclude receiving an
indication of the surgical procedure via a user input using the
augmented reality device. In another example, 1dentification
may include querying a database to determine the surgical
procedure based on at least one of a patient name or a patient
identifier. In yet another example, identification may include
determining whether the plurality of surgical steps are
virtually representable. When all of the plurality of surgical
steps are virtually representable, the technique 1200 may
include presenting the surgical step. When at least one step
of the plurality of surgical steps are not virtually represent-
able, the techmque 1200 may include presenting an 1ndica-
tion 1dentifying the at least one step that 1s not virtually
representable using the AR display. In this second example,
the surgical step may still be presented. In an example, the
surgical steps may be ordered. For example, a first surgical
step may come before a second surgical step 1n the ordered
surgical steps, and a virtual representation of the first sur-
gical step may be presented before a virtual representation of
the second surgical step.

The technique 1200 includes an operation 1202 to pres-
ent, within a surgical field while permitting the surgical field
to be viewed through the augmented reality display, a virtual
indication of a surgical step of a surgical procedure. Opera-
tion 1202 may include presenting a virtual animation or a
previously captured video of the surgical step.

The technique 1200 includes an operation 1204 to deter-
mine whether the surgical step has been completed. In
response to determining that the surgical step has been
completed or started, the techmque 1200 may include
removing the virtual indication of the surgical step from
display. In an example, operation 1204 may include recerv-
ing an 1ndication that the surgical step has been completed
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via a user mput using the augmented reality device or
identifyving a gesture using a camera of the augmented
reality device. For example, a surgeon may press a button
(e.g., on a foot pedal) to indicate the step 1s complete, or the
camera may capture a gesture performed by the surgeon,
such as snapping fingers, waving, holding up a number of
fingers (e.g., to correspond to a next step to proceed to), or
the like. In another example, operation 1204 may include
identifying an aspect of the surgical step using a camera of
the augmented reality device, and based on the i1dentified
aspect, determining that the surgical step has been com-
pleted. For example, the camera may capture a presence of
a surgical instrument or other 1tem, which may indicate that
the surgical step has started or 1s completed, which may be
used to indicate that the virtual representation should no
longer be presented. In an example, the aspect may include
gesture with a surgical mstrument or other item (e.g., the
camera may detect when a pin or screw has been inserted).

The technique 1200 1ncludes a decision operation 1206 to
determine whether there are more steps within the surgical
procedure or the plurality of surgical steps. When there are
one or more additional steps (which may be ordered, not
ordered, or partially ordered, such as step 1 must come
betore 2, but steps 3 and 4 can be done 1n either order, or
betore step 1), the technique 1200 may return to operation
1202 to display a virtual representation of the next step. This
process may be iterated while there are remainming steps.
When there are no additional steps to display, the technique
1200 includes an optional operation 1208 to present an
indication that the procedure 1s complete or has no more
steps. In an example, a next surgical procedure may be
automatically presented or an option to start the next surgical
procedure may be presented. The technique 1200 may
include determining whether a second surgical step has been
started or completed (e.g., after a virtual representation of
the second surgical step has been presented).

The technique 1200 may include an operation to receive
a surgeon control command to cause an aspect of the virtual
representation of the surgical step to rotate, zoom translate,
play, rewind, fast forward, restart, pause, end, or the like.
The technique 1200 may include displaying patient infor-
mation 1 a heads-up display portion of the augmented
reality display. In an example, the technique 1200 may
include, before determining that the surgical step has been
completed, determining that the surgical step 1s not being
performed. In an example, the AR display may present an
alert. For example, when a different surgical step of the
plurality of surgical steps 1s being performed, the alert may
indicate that the different surgical step i1s being performed.
The technmique 1200 may include providing a user selectable
option to switch to presenting a virtual representation of the
different surgical step. In another example, the technique
1200 may include automatically switching to the virtual
representation of the different surgical step. In yet another
example, the AR display may simply stop presenting the
virtual representation of the surgical step (e.g., stop and do
nothing). In an example, the technique 1200 may include
presenting a virtual guidance marker on a patient corre-
sponding to an aspect of the surgical step, the wvirtual
guidance marker indicating a location to perform the surgi-
cal step, including at least one of an incision location, a
resection location, an implant location, a force direction, a
pin location, or the like.

Example 1 1s an augmented reality device for use during
a surgical procedure comprising: an augmented reality dis-
play to: present, within a surgical field while permitting the
surgical field to be viewed through the augmented reality
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display, a virtual indication of a surgical instrument present
within the surgical field; a processor to: determine whether
the surgical mnstrument has been selected; and cause the
virtual indication to be removed from display 1n response to
determining that the surgical instrument has been selected.

In Example 2, the subject matter of Example 1 includes,
a detection device to identily the surgical instrument from at
least one of: a plurality of surgical mstruments, a box
including the surgical instrument, and a tray including the
surgical instrument.

In Example 3, the subject matter of Example 2 includes,
wherein the detection device includes at least one of a
camera, an optical imaging device, and an electronic 1den-
tification device.

In Example 4, the subject matter of Examples 1-3
includes, a proximity detector, a motion sensor, or a button
on the surgical mstrument to i1dentily the surgical instru-
ment.

In Example 35, the subject matter of Examples 1-4
includes, wherein the augmented reality device 1s to notily
a second augmented reality device to 1nstruct a user to obtain
the surgical instrument or to alert a user that the surgical
istrument has been obtained.

In Example 6, the subject matter of Examples 1-5
includes, wherein the augmented reality display 1s further to
display at least a portion of a view from a second augmented
reality device.

In Example 7, the subject matter of Examples 1-6
includes, wherein the augmented reality display 1s to include
patient information 1n a heads-up portion of the augmented
reality display.

In Example 8, the subject matter of Examples 1-7
includes, wherein the augmented reality display 1s to present
a series of virtual components to provide instruction for
assembly of the surgical istrument.

In Example 9, the subject matter of Example 8 includes,
wherein the series of virtual components are displayed in
progression automatically i response to the processor
detecting, automatically using a detection device or based on
a user input, that an operation corresponding to one of the
series of virtual components 1s complete.

Example 10 1s an augmented reality device for use 1n a
surgical field comprising: an augmented reality display; and
a processor to: i1dentily a surgical procedure including a
plurality of surgical steps; cause the augmented reality
display to present, overlaid on a view of the surgical field
while permitting the surgical field to be viewed through the
augmented reality display, a virtual representation of a
surgical step of the plurality of surgical steps; determine
whether the surgical step has been completed; and in
response to determining that the surgical step has been
completed, cause the augmented reality to present, within
the surgical field, a virtual representation of a second sur-
gical step of the plurality of surgical steps.

In Example 11, the subject matter of Example 10 includes,
wherein to 1de11t1fy the surgical procedure, the processor 1s
to recerve an indication of the surgical procedure via a user
input using the augmented reality device.

In Example 12, the subject matter of Examples 10-11
includes, wherein to identily the surgical procedure, the
processor 1s to query a database to determine the surgical
procedure based on at least one of a patient name or a patient
identifier.

In Example 13, the subject matter of Examples 10-12
includes, wherein to identily the surgical procedure, the
processor 1s to determine whether the plurality of surgical
steps are virtually representable; and 1n accordance with a
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determination that at least a portion of the plurality of
surgical steps are virtually representable, the processor 1s to
present the surgical step; and in accordance with a determi-
nation that a current step of the plurality of surgical steps 1s
not virtually representable, the processor 1s to present an
indication 1dentifying the current step that 1s not virtually
representable using the augmented reality display.

In Example 14, the subject matter of Examples 10-13
includes, wherein the processor 1s further to determine that
the current step that 1s not virtually representable has been
completed, and 1n response, displaying the virtual represen-
tation of the second surgical step, the second surgical step
being virtually representable within the augmented reality
display.

In Example 15, the subject matter of Examples 10-14
includes, wherein to present the surgical step, the processor
1s to present a virtual animation of the surgical step.

In Example 16, the subject matter of Examples 10-15
includes, wherein to present the surgical step, the processor
1s to present a previously captured video of the surgical step.

In Example 17, the subject matter of Examples 10-16
includes, wherein the processor i1s further to receive a
surgeon control command to cause an aspect of the virtual
representation of the surgical step to rotate, zoom, translate,
play, rewind, fast forward, pause, restart, or end.

In Example 18, the subject matter of Examples 10-17
includes, wherein to determine that the surgical step has
been Completed the processor 1s to recerve an indication that
the surgical step has been completed via a user input using
the augmented reality device.

In Example 19, the subject matter of Examples 10-18
includes, wherein to determine that the surgical step has
been completed, the processor 1s to 1dentily a gesture using
a camera of the augmented reality device.

In Example 20, the subject matter of Examples 10-19
includes, wherein to determine that the surgical step has
been completed, the processor 1s to 1dentily an aspect of the
surgical step using a camera of the augmented reality device,
and based on the identified aspect, determine that the sur-
gical step has been completed.

In Example 21, the subject matter of Examples 10-20
includes, wherein the processor 1s further to determine
whether the second surgical step has been completed; in
response to determining that the second surgical step has
been completed, the processor 1s to determine whether there
are any remaining surgical steps in the plurality of surgical
steps that have not yet been presented; 1n accordance with a
determination that there 1s at least one surgical step remain-
ing, the processor 1s to present a virtual representation of the
at least one surgical step; in accordance with a determination
that there are no remaining surgical steps, the processor 1s to
present a virtual indication that the surgical procedure 1s
complete.

Example 22 1s a method for using an augmented reality
device 1 a surgical field comprising: i1dentitying, using a
processor, a surgical procedure including a plurality of
surgical steps; presenting using an augmented reality display
of the augmented reality device, overlaid on a view of the
surgical field while permitting the surgical field to viewed
through the augmented reality display, a virtual representa-
tion of a first surgical step of the plurality of surgical steps;
determining whether the first surgical step has been com-
pleted; and in response to determining that the surgical step
has been completed, presenting using an augmented reality
display of the augmented reality device, within the surgical
field, a virtual representation of a second surgical step of the
plurality of surgical steps.
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In Example 23, the subject matter of Example 22
includes, displaying patient information 1 a heads-up dis-
play portion of the augmented reality display.

In Example 24, the subject matter of Examples 22-23
includes, before determining that the surgical step has been
completed, determining that the surgical step 1s not being
performed; determining that a different surgical step of the
plurality of surgical steps i1s being performed; displaying an
alert using the augmented reality display indicating that the
different surgical step 1s being performed; and providing a
user selectable option to switch to presenting a virtual
representation of the different surgical step.

In Example 25, the subject matter of Examples 22-24
includes, presenting a virtual guidance marker on a patient
corresponding to an aspect of the surgical step, the virtual
guidance marker indicating a location to perform the surgi-
cal step, including at least one of an incision location, a
resection location, an implant location, a force direction, or
a pin location.

In Example 26, the subject matter of Examples 22-235
includes, wherein the surgical steps are ordered and the
surgical step comes before the second surgical step in the
ordered surgical steps, and wherein the virtual representa-
tion of the surgical step 1s presented before the virtual
representation of the second surgical step.

Example 27 1s a method for using an augmented reality
device 1 a surgical field comprising: i1dentifying, using a
processor, a surgical procedure including a plurality of
surgical steps; determining, from the surgical procedure, a
surgical instrument needed for a surgical step of the plurality
of surgical steps; presenting using an augmented reality
display of the augmented reality device, overlaid on a view
of the surgical field while permitting the surgical field to
viewed through the augmented reality display, a wvirtual
representation ol the surgical instrument; determining
whether the surgical step has been completed; and in
response to determining that the surgical step has been
completed, presenting using an augmented reality display of
the augmented reality device, within the surgical field, a
virtual representation of a second instrument for a second
surgical step of the plurality of surgical steps.

In Example 28, the subject matter of Example 27
includes, identitving the second surgical step based on
identifyving a visual or audio indication.

In Example 29, the subject matter of Examples 27-28
includes, determining whether the surgical instrument is
needed 1n a later surgical step of the plurality of surgical
steps.

In Example 30, the subject matter of Example 29
includes, in response to determining that the surgical instru-
ment 1s needed 1n the later surgical step, displaying a virtual
indication that the surgical instrument 1s needed 1n the later
surgical step.

Example 31 1s at least one machine-readable medium
including instructions that, when executed by processing
circuitry, cause the processing circuitry to perform opera-
tions to implement of any of Examples 1-30.

Example 32 1s an apparatus comprising means to imple-
ment of any of Examples 1-30.

Example 33 1s a system to implement of any of Examples
1-30.

Example 34 1s a method to implement of any of Examples
1-30.

Method examples described herein may be machine or
computer-implemented at least 1n part. Some examples may
include a computer-readable medium or machine-readable
medium encoded with 1nstructions operable to configure an
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clectronic device to perform methods as described 1n the
above examples. An implementation of such methods may
include code, such as microcode, assembly language code,
a higher-level language code, or the like. Such code may
include computer readable 1nstructions for performing vari-
ous methods. The code may form portions of computer
program products. Further, in an example, the code may be
tangibly stored on one or more volatile, non-transitory, or
non-volatile tangible computer-readable media, such as dur-
ing execution or at other times. Examples of these tangible
computer-readable media may include, but are not limited
to, hard disks, removable magnetic disks, removable optical
disks (e.g., compact disks and digital video disks), magnetic
cassettes, memory cards or sticks, random access memories
(RAMSs), read only memories (ROMs), and the like.

What 1s claimed 1s:

1. An augmented reality device for use during a surgical
procedure comprising:

an augmented reality display, the augmented reality dis-

play including a head-mounted display lens allowing
aspects ol a surrounding environment to be visible
while projecting light on the head-mounted display lens
to make virtual elements visible to a wearer of the
augmented reality display, the augmented reality dis-
play to:

present, within a surgical field while permitting the sur-

gical field to be viewed through the augmented reality
display, a virtual indication on the augmented reality
display i1dentifying a location of a physical surgical
istrument among a plurality of surgical instruments
present within the surgical field to be retrieved for use
during a step within a surgical procedure, wherein the
virtual 1ndication 1s continuously maintained 1n a set
position relative to and spatially registered with the
location of the physical surgical mstrument;

a processor to:

determine whether the physical surgical instrument within

the surgical field has been moved; and

cause the wvirtual indication to be removed from the

augmented reality display in response to determining
that the physical surgical instrument has been moved
and determining that the physical surgical instrument
remains visible within 1 the field of view of the
augmented reality display.

2. The augmented reality device of claim 1, further
comprising a detection device to i1dentity the physical sur-
gical mstrument from at least one of: a plurality of surgical
istruments, a box including the physical surgical instru-
ment, and a tray including the physical surgical instrument.

3. The augmented reality device of claim 2, wherein the
detection device includes at least one of a camera, an optical
imaging device, and an electronic 1dentification device.

4. The augmented reality device of claim 1, further
comprising a proximity detector, a motion sensor, or a button
on the physical surgical instrument to identify the physical
surgical instrument.

5. The augmented reality device of claim 1, wherein the
augmented reality device 1s to notily a second augmented
reality device to instruct a user to obtain the physical
surgical instrument or to alert a user that the physical
surgical instrument has been obtained.

6. The augmented reality device of claim 1, wherein the
augmented reality display 1s further to display at least a
portion of a view from a second augmented reality device.

7. The augmented reality device of claim 1, wherein the
augmented reality display 1s to include patient information
in a heads-up portion of the augmented reality display.
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8. The augmented reality device of claim 1, wherein the
augmented reality display 1s to present a series of virtual
components to provide instruction for assembly of the
physical surgical instrument.

9. The augmented reality device of claim 8, wherein the
series ol virtual components are displayed in progression
automatically 1 response to the processor detecting, auto-
matically using a detection device or based on a user iput,
that an operation corresponding to one of the series of virtual
components 1s complete.

10. The augmented reality device of claim 1, wherein the
virtual indication 1s not visible to a viewer outside a room
containing the surgical field.
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